from 28 captive mule deer from Wyoming and Colorado (2, 3) , also referred to as deer-3 (1) and md-PrP CWD (4) .
WTD-1 is a pool from 7 captive white-tailed deer from Colorado and Wyoming, published as deer-1 (1) and wtd-PrP CWD (4) . WTD-2 is from 1 wild white-tailed deer from Wyoming. Elk-1 is a pool from 2 free-ranging elk from Wyoming published as elk (1) . Elk-2 is a pool from 6 elk (nos. 98W615, 98W618, 98W2542, 98W9292, 98W9527, and 99W2206) from a South Dakota game farm. Elk-3 is a pool from 10 captive elk obtained from Colorado and Wyoming.
Normal elk brain was a pool from 2 animals from Montana, MTKS no. 37 and MTKS no.
49 (MTKS37/49), obtained from Lynn Creekmore of the U.S. Department of Agriculture. CWD pools MD-1, MD-3, WTD-1, WTD-2, Elk-1, Elk-2, and Elk-3 were contributed in full or in part by E.S.W., and pools MD-2, MD-3, WTD-1 and Elk-3 were contributed in full or in part by
Inocula were prepared by homogenizing brain tissue in 0.01 M Tris-HCl, pH 7.4, by using a sterile glass dounce with 10 strokes or until no clumps were visible. Pooled samples were combined in a 100-mL graduated cylinder on ice and adjusted to 20% wt/vol. Homogenates were vortexed and then sonicated for 2 min. For intracerebral infection, samples were cleared by centrifuging at 2,000 rpm for 5 min. Supernatants were frozen at 80°C until needed. Before infection, samples were thawed in a 37°C water bath, sonicated for 1 min, and diluted in phosphate-buffered balanced salt solution containing 2% fetal bovine serum to achieve concentrations needed for intracerebral inoculations.
Inoculation of Monkeys and Mice
For intracerebral inoculations, squirrel monkeys received either 2 mg or 20 mg brain in a total volume of 200 μL, and cynomolgus macaques received 5 mg in a total of 500 μL volume.
The diluted brain homogenate was injected into a surgically created hole in the skull over the left parietal lobe of anesthetized animals.
Oral doses of 200 mg brain/mL were given on 5 different days at 2-6 day intervals.
Squirrel monkeys received 3-mL doses; most macaques received 4-mL doses. Three macaques inoculated with WTD-1 received 3-mL doses. The inoculum was given to anesthetized animals through a rubber gastric tube that was flushed with Tris-buffered saline (TBS) before removal from the stomach.
Intracerebral inoculations into the parietal lobe of anesthetized young adult mice were conducted by using tissue homogenates diluted in phosphate-buffered balanced salt solution containing 2% fetal bovine serum. Volumes were 50 μL unless otherwise indicated.
Titration and Passage of CWD Infectivity in Transgenic Mice
The 8 cervid pools were titered by endpoint dilution with serial 1:10 dilutions of brain homogenate ranging from 10 2 (1%) to 10
8
. Dilutions were inoculated intracerebrally into transgenic mice expressing deer PrP (line 33) (1) . For all other inoculations into transgenic mice expressing deer or human PrP, a 10 2 dilution was used. The volume inoculated was 50 μL for all homogenates except for the sporadic CJD inoculum used in the tg66 mice, which was 30 μL.
Mice were observed for clinical signs for >600 days ( Figure 1, panel B) . Mice with clinical signs were euthanized, and a diagnosis of CWD was confirmed by immunoblot detection of PrPres.
End-point titer was determined by using the Spearman-Karber method (5) . Briefly, the following formula was used: 50% infectious dose (ID 50 ) = x p = 1 + 1/2d -dp where x p = 1 is the highest log dilution giving all positive responses, d is the log dilution factor, p is the proportion positive at a given dose, and Σp is the sum of values of p for x p = 1 and all higher dilutions. When 10-fold dilutions were used, the error with this method was±0.5 logs. The log value for the ID 50 was converted to scientific notation for all figures and tables in this report.
Generation of Transgenic Mice Expressing Human PrP
Mice expressing human PrP were generated by using a transgene, cosSHa.HumPrP, which was created by ligating the human PrP open reading frame (ORF) into the cosSHa.Tet vector (6). Full-length human PrP ORF from human DNA was generated as an 803-bp PCR product by using the forward and reverse primers 5-TGAGCGGCCGCGCAGTCATTATGGCGAACCTTG-3 and 5-TACTGAGTCGACCCTTCCTCATCCCACTATCAGG-3. The PrP ORF was cloned into pGEM-5zR+ after digestion with NotI and SalI. Sequence analysis confirmed the human PrP sequence. Addition of a Kozak translation initiation site and cloning into the cosSHa.Tet vector was performed by using techniques similar to those described (7). The transgene was inoculated into eggs of FVBn-mouse PrP null mice in the laboratories of R.R. and L.C. We used Page 3 of 7 homozygous tg66 mice and hemizygous tgRM mice. These mice overexpress human PrP as tested by Western blot with monoclonal antibody 3F4. When compared with Tg7 hamster PrPexpressing mice, tg66 mice had 5-10× overexpression and tgRM mice had 1-2× overexpression.
We did not have any human brain tissue for direct comparison with human PrP expression, but antibody 3F4 is known to react with human and hamster PrP.
Analysis of PrPres by Immunoblot
Tissues were prepared by making a 20% (wt/vol) homogenate in ice cold 0.01 M Tris buffer, pH 7.4, by using either an Omni Tissue homogenizer with disposable hard tissue probe (Omni International, Marietta, GA, USA) or a pestle in a DNase/RNase-free 1.5-mL tube (Kontes Glass Co., Schenectady, NY, USA). Samples were sonicated for 1 min and kept frozen until analyzed. Samples to be analyzed for protease-sensitive PrP were prepared as above with addition of the following protease inhibitors: 10 μmol/L leupeptin, 1 μmol/L pepstatin A, and 1 μg/mL aprotinin. After sonication, samples were centrifuged at 5,000 rpm for 10 min, and supernatants were mixed 1:1 in 2× sample buffer and boiled for 3 min. Preparation of samples for PrPres analysis has been described (18). Briefly, 20 μL of a 20% (wt/vol) tissue homogenate without protease inhibitors was adjusted to a concentration of 100 mmol/L Tris-HCl, pH 8.3, 1%
Triton X-100, and 1% sodium deoxycholate in a total volume of 31 μL. Samples were treated with 50 μg/mL of proteinase K for 45 min at 37°C. The reaction was stopped by adding 2 μL of 0.1 M phenylmethylsulfonyl fluoride, and samples were placed on ice for 5 min. An equal volume of 2× Laemmeli sample buffer (Bio-Rad, Hercules, CA, USA) was added, and samples were boiled for 5 min.
Removal of carbohydrate residues from PrPres was performed by digestion with PNGaseF (8) . Briefly, 20 μL of PrPres samples in 2× Laemmeli sample buffer were boiled for 10 min, and 2 μL of 10× G7 buffer and NP40 and 2 μL of PNGase F were added. Samples were incubated overnight at 37°C and kept frozen at 20°C until analyzed by immunoblotting.
Samples were subjected to electrophoresis on a 16% sodium dodecyl sulfatepolyacrylamide gel, and proteins were transferred to Immobilon polyvinylidene difluoride-P membranes (Millipore, Billerica, MA, USA). PrP bands were detected with antibodies 3F4
(residues 109-112) (9), D13 (residues 96-106) (10) (InPro Biotechnology, Inc., South San 
Histopathologic and Immunohistochemical Analyses
Tissues were placed in 3.7% phosphate-buffered formalin for 3-5 days before dehydration and embedding in paraffin. Serial 4-μm sections were cut by using a standard microtome (Leica Microsystems Inc., Bannockburn, IL, USA), placed on a positively charged glass slide, and dried overnight at 56°C. Sections were stained with hematoxylin and eosin and analyzed for pathologic changes. Immunohistochemical staining was performed by using an automated Nexus stainer (Ventana, Tucson, AZ, USA). Slides were deparaffinized and rehydrated in Tris-HCl, pH 7.5. Staining for antibodies against PrP was conducted by using antibodies D13 and 3F4 against PrP as previously described (12, 13) .
Sequencing
Primate genomic DNA was purified from whole blood by using the QIAamp DNA Blood Maxi Kit (QIAGEN, Valencia, CA, USA) as directed. PCR products were amplified by using PuRe Taq Ready-To-go PCR beads (GE Healthcare). Two primers from the extreme outer ends of the ORF, including the previously published forward primer HM-1 (14) with mPrP-780R (5-TCCCACTATCAGGAAGATGAGG-3) or a combination of outer primers with internal primers mPrP-397F (5-CCTTGGTGGCTACATGCTG-3) and mPrP-416R (5-CCAGCATGTAGCCACCAAG-3), were used. Three successful amplicons were generated and purified by using the QIAquick PCR (QIAGEN) as recommended and sequenced by using their respective forward and reverse PCR primers on an ABI 3730xl instrument (Applied Biosystems, Inc., Foster City, CA, USA). Sequence data were stored in the FINCH data management system (Geospiza, Seattle WA, USA). Assembly comparisons were made against human, elk, mule deer, cynomolgus macaque, and squirrel monkey by using Sequencher version 4.6 (Gene Codes, Ann Arbor, MI, USA).
